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Abstract
Glass sponges (Porifera, Hexactinellida) are conspicuous habitat-forming members of many Antarctic shelf communities. 
Despite their ecological importance, in-situ species identification remains problematic as it is traditionally based on micro-
scopic analysis of spicules. External morphological features, in contrast, have largely been disregarded, so that diﬀerent 
species have been mislabeled or lumped together when their identification was based on image material. In this paper, we 
provide a straight-forward guideline for in-situ identification of the most common rossellid sponges of the Antarctic shelf 
based on macroscopic characteristics. To determine diagnostic macroscopic characteristics of Anoxycalyx (Scolymastra) 
joubini and eight Rossella species, we combined examination of trawl-collected specimens, previous species descriptions 
and in-situ image material from the eastern Weddell Sea. Our study revealed that the smooth-walled species A. joubini, 
R. nuda and R. vanhoeﬀeni, previously often mixed up, can be distinguished by the form of their basal spicule tuft, their 
surface structure and their overall body form. The previously synonymized species R. racovitzae and R. podagrosa can be 
distinguished by their markedly diﬀerent habitus. Based on our results, the so-called ‘R. racovitzae budding type’ in fact 
refers to R. podagrosa which occurs regularly in the eastern Weddell Sea. The species R. villosa, R. levis, R. fibulata and R. 
antarctica can be distinguished by the appearance of their conules, protruding spicules and overall body form. We conclude 
that macroscopic characteristics are helpful means for identification of Antarctic rossellid sponge species. This approach 
enables species-specific quantitative studies of Antarctic glass sponge grounds based on increasingly used non-invasive 
imaging technology.
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Introduction
Glass sponges (Porifera, Hexactinellida) are conspicu-
ous members of benthic communities in Antarctic shelf 
regions. Predominant among them is the family Rossellidae 
(Janussen and Downey 2014). These sponges can form vast 
sponge grounds (Maldonado et al. 2016) and are major con-
tributors to benthic biomass (Gerdes et al. 1992). As they 
grow to considerable sizes (Barthel and Tendal 1994), they 
are important structuring elements of Antarctic shelf com-
munities (Barthel 1992; Barthel and Gutt 1992; Gutt et al. 
2013, 2016; Kersken et al. 2016) and provide habitat for a 
diverse associated fauna (Kunzmann 1996; Barthel 1997; 
Kersken et al. 2014). In contrast to long-held views of slow 
growth (e.g., Barthel and Tendal 1994; Gatti 2002), rossellid 
sponge populations respond dynamically to environmental 
changes like shifts in ice cover and productivity (Fillinger 
et al. 2013; Dayton et al. 2013, 2016). Further impacts of 
climate-induced changes can be expected in the future, but 
as diﬀerent species show diﬀerent life history patterns (Day-
ton et al. 2013), general trends are hard to foresee.
Despite their well-established ecological importance, spe-
cies identification of the most common glass sponges of the 
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Antarctic shelf, Rossella spp. and Anoxycalyx (Scolymas-
tra) joubini, remains problematic. It is traditionally based 
on the morphology and architecture of microscopic skeletal 
elements—spicules—which are isolated by elaborate prepa-
ration techniques (e.g., Boury-Esnault and Rützler 1997). 
However, modern quantitative studies in ecology, biodiver-
sity or biogeography are increasingly based on non-invasive 
techniques, such as Remotely Operated Vehicles (ROVs) or 
towed camera systems (Mallet and Pelletier 2014; Durden 
et al. 2016) which provide no material for spicule analy-
sis. Consequently, researchers have to rely on macroscopic 
characteristics to identify sponge species on image material.
Unfortunately, the external morphological features have 
traditionally been dismissed as non-conservative and unsuit-
able for characterizing species and have thus not been well 
described. Some of the early species descriptions are based 
on tiny individuals (e.g., R. racovitzae, Topsent 1901) or 
fragments only (e.g., R. fibulata, Schulze and Kirkpatrick 
1910). Furthermore, most descriptions are based on material 
collected by trawls (e.g., Barthel and Tendal 1994; Göcke 
and Janussen 2013) which sometimes is diﬃcult to relate to 
the appearance of species in situ. Even recent studies largely 
focus on the spicules and provide only limited information 
on macroscopic characteristics and few photographs of the 
species’ habitus (e.g., Göcke and Janussen 2013).
Besides lacking clarity or comprehensiveness in spe-
cies descriptions, the complicated taxonomic history of the 
genus Rossella adds further problems. About 25 species and 
varieties have been described (Reiswig 1990), followed by 
numerous synonymizations and revisions (for a summary 
see Göcke et al. 2015). In the latest taxonomic revision of 
Antarctic Rossellidae, Barthel and Tendal (1994) recog-
nized seven species of Rossella: R. antarctica, R. fibulata, R. 
levis, R. nuda, R. racovitzae, R. vanhoeﬀeni and R. villosa. 
Although they only partly incorporated external morpho-
logical characteristics, their concept is the most applicable to 
date and widely used (e.g., Göcke and Janussen 2011; Göcke 
and Janussen 2013; Fillinger et al. 2013; Dayton et al. 2016; 
Kersken et al. 2016).
However, the morphological variability within many spe-
cies (Tabachnick 2002) is not well represented in previous 
studies. As a consequence, most diﬃculties in identifying 
Antarctic rossellid sponges in situ are caused by (a) the lack 
of diagnostic characteristics distinguishing morphologi-
cally similar species and genera, e.g., A. joubini, R. nuda 
and R. vanhoeﬀeni, and (b) large intraspecific variability in 
some species, e.g., R. racovitzae. The superficial similar-
ity of R. nuda and A. joubini impedes their diﬀerentiation 
in underwater image material and prompted Teixidó et al. 
(2006) to lump them together as “R. nuda type”. Also R. 
vanhoeﬀeni has been described in many regards similar to 
R. nuda (Barthel and Tendal 1994). By contrast, R. raco-
vitzae is considered highly variable regarding its external 
morphology and spicules and was suggested to include sev-
eral cryptic species (Barthel and Tendal 1994; Göcke and 
Janussen 2013). Indeed, the species R. podagrosa, which has 
long been synonymized with R. racovitzae and considered a 
strongly budding morphotype of the latter, has recently been 
re-described and re-established as a valid species based on 
material from the Ross Sea (Göcke et al. 2015). Although 
this has reduced the morphological variability of R. racovit-
zae, the species is still poorly defined and shows similarities 
to R. villosa and R. levis (Barthel and Tendal 1994; Göcke 
and Janussen 2013).
Although the synonymy of most Rossella species is not 
yet fully resolved and all species of this genus are in dire 
need of revision (Tabachnick 2002), ecological and bio-
geographical studies promptly require a practical approach 
to in-situ species identification without expert taxonomic 
knowledge. In this paper, we provide a straight-forward 
guideline to in-situ identification of the most common ros-
sellid sponges of the Antarctic shelf. Based on the current 
understanding of rossellid taxonomy and combining well-
preserved trawl-collected material with a large number of 
in-situ images, we describe diagnostic macroscopic charac-
teristics to reliably distinguish the well-established species 
from each other. Besides confirming previously described 
morphological features that partly have been neglected, we 
highlight characteristics which have previously not been 
recognized as diagnostic. In particular, we focus on resolv-
ing the confusion around two problematic cases of abundant 
species that have been mixed up in the past: (a) A. joubini, 
R. nuda and R. vanhoeﬀeni, and (b) R. racovitzae and R. 
podagrosa.
Materials and methods
Determination of relevant macroscopic 
characteristics
Macroscopic characteristics of Anoxycalyx (Scolymas-
tra) joubini, Rossella nuda and Rossella vanhoeﬀeni were 
assessed and validated on the basis of collected specimens 
identified by spicule analysis (see sections “Sponge collec-
tion and examination” and “Spicule analysis”). The observed 
characteristics were compared with previous reports 
(Table 1) and their applicability to species identification 
in in-situ photographs and videos was verified (see section 
“ROV surveys and image analysis”). Macroscopic character-
istics of Rossella racovitzae, Rossella podagrosa and other 
Rossella species were collated from literature (Table 1) and 
supplemented by our own observations based on in-situ pho-
tographs and videos (see section “ROV surveys and image 
analysis”).
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Sponge collection and examination
We examined a total of 40 smooth-walled rossellid 
sponges from the Weddell Sea continental shelf for micro- 
and macroscopic diﬀerences between A. joubini, R. nuda 
and R. vanhoeﬀeni (see Online Resource 1 for details and 
map of trawling locations).
Nineteen undamaged specimens were collected by 
trawls at ten stations in the eastern Weddell Sea during 
RV Polarstern expedition PS82 (ANT XXIX/9) in 2013/14 
(Knust and Schröder 2014). They were cleaned, photo-
graphed, dried on board and stored in sealed plastic bags 
until further analysis at AWI. To distinguish A. joubini 
from Rossella, the spicules of all specimens were exam-
ined microscopically (see section “Spicule analysis”). Sub-
sequently, we examined the macroscopic characteristics of 
the specimens and established clear diﬀerences between 
A. joubini and Rossella.
To test the validity of these macroscopic diﬀerences, we 
re-examined 14 dried sponges collected by trawls at two 
stations in the eastern Weddell Sea during RV Polarstern 
expedition PS77 (ANT XXVII/3) in 2011 (Knust et al. 
2012). Seven of them had been tentatively identified as A. 
joubini (Fillinger et al. 2013: Table S5); the other seven 
were identified as R. vanhoeﬀeni based on spicule analysis. 
After sorting the specimens based on macroscopic diﬀer-
ences, we examined the spicules of all tentative A. joubini 
as they appeared to include some R. nuda. Photographs 
of the respective spicule preparations and of all collected 
sponges are available from the data publisher PANGAEA 
(Federwisch et al. 2019).
For further validation, we examined the macroscopic 
characteristics of seven ethanol-preserved Weddell Sea 
specimens from the collection of Senckenberg Museum, 
Frankfurt, which had been previously identified by spicule 
analysis as R. nuda (n = 4) and A. joubini (n = 3).
Spicule analysis
Spicule preparations were made for A. joubini, R. nuda and 
R. vanhoeﬀeni. We analyzed duplicate samples of about 
1  cm2 from the outer wall of each sponge and, for the 
alleged A. joubini specimens of PS77 (see “Sponge col-
lection and examination” section), one additional sample 
from the inner wall to avoid contaminations on the outside 
(see below). We used 6% sodium hypochlorite solution to 
digest the organic material. This approach is much simpler 
and quicker than the nitric acid-boiling method (Boury-
Esnault and Rützler 1997) and worked very well for the 
dried hexactinellid samples. After about 15 min, most of 
the organic material was dissolved and the spicules were 
loosely suspended. Each sample was examined with a light 
microscope (ZEISS Axioskop) at ×100 magnification for 
the presence of the unique stout spiny dermal hexactins 
which are diagnostic for A. joubini (Fig. 1; see also Barthel 
and Tendal 1994: Fig. 52).
It is important to note that spicule preparations of trawl-
collected sponges are prone to contamination. If diﬀerent 
species are caught in the same trawl, as was the case for 
the individuals of PS77, tissue erosion on the outer walls 
may lead to contamination with spicules of other species. 
This may explain some of the confusion in previous spe-
cies identifications. A typical dermal spicule preparation 
of A. joubini includes thousands of the diagnostic dermal 
hexactins. If only small numbers of these hexactins were 
found scattered throughout a preparation (< 2% of the 
numbers found in typical A. joubini preparations), they 
were considered to be contaminations and the sponge 
specimens were identified as Rossella. Contamination can 
be reduced or avoided by taking dermal spicule samples 
from the inner wall of the sponges and where it appears 
most intact.
Table 1  Most relevant species descriptions consulted and material analyzed for this study (numbers refer to references)
1: Carter (1872), 2: Topsent (1901), 3: Kirkpatrick (1907), 4: Schulze and Kirkpatrick (1910), 5: Topsent (1916), 6: Burton (1929), 7: Barthel 
and Tendal (1994), 8: Teixidó et al. (2006), 9: Göcke and Janussen (2013), 10: Göcke et al. (2015), 11: Dayton et al. (2016)
Species Original description Recent descriptions Material in this study
A. joubini Short, only main features: 5 7, (8), 11 Collection; in-situ images
R. nuda One small specimen: 2 7, (8), 9, 11 Collection; in-situ images
R. vanhoeﬀeni One specimen, very detailed: 4 7, 8 Collection; in-situ images
R. racovitzae Very small specimens/fragments: 2 7, 9, 11 In-situ images
R. podagrosa Ten specimens, detailed: 3 10, 11 In-situ images
R. villosa Twenty specimens, detailed, but habitus only: 6 7 In-situ images
R. levis Four specimens, detailed: 3 7, 9, 11 In-situ images
R. fibulata Three small fragments only: 4 7, (9), 11 In-situ images
R. antarctica Spicules only: 1; detailed habitus descriptions: 3, 4 7, 9, 11 In-situ images
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ROV surveys and image analysis
We applied the macroscopic characteristics established on 
the basis of the trawl-collected specimens in our study and 
previous reports (Table 1) to in-situ species identification of 
rossellid sponges in ROV videos and photographs. The image 
material was collected during several expeditions with RV 
Polarstern to the Weddell Sea [PS77 in 2011 (Knust et al. 
2012), PS82 in 2013/14 (Knust and Schröder 2014), PS96 in 
2015/16 (Schröder 2016)]. Figure 2 shows the locations of 
ROV deployments. Station details and technical details of the 
respective ROVs can be found in Online Resource 1.
We analyzed a total of 901 high-resolution photographs of 
rossellid sponges taken selectively during PS77 and selected 
146 as reference images representing all species discussed 
in this study except R. fibulata. As photographs were not 
recorded during PS82 and PS96, we analyzed High-Definition 
(HD) video material of these expeditions. It included 10 HD 
video transects of 500–1500 m length conducted during PS82 
from which 475 reference images were extracted, displaying 
all species discussed in this study, and close-up footage of 27 
sponges (A. joubini, R. nuda, R. vanhoeﬀeni, R. racovitzae, 
R. villosa) recorded during PS96 from which 128 reference 
images were extracted. All reference images are available from 
the data publisher PANGAEA (Federwisch et al.; see Online 
Resource 1 for an overview).
Results
Macroscopic characteristics of collected Anoxycalyx 
(Scolymastra) joubini, Rossella nuda and Rossella 
vanhoeffeni
Based on the spicule preparations of the sponges collected 
during PS82, three specimens were identified as A. joubini, 
nine as R. nuda, two as R. vanhoeﬀeni and five as Rossella 
(either R. nuda or R. racovitzae). The A. joubini and Ros-
sella spp. individuals diﬀered markedly in their basal spicule 
tuft and in the structure of their outer surface (Fig. 3). In A. 
joubini, the basal spicule tuft consists of short (1–5 cm), 
thin, straight inflexible spicules that may form a compact or 
loose mass, but no separate strands (Fig. 3a). The structure 
of the outer surface is regular, dense and coalesced with 
conspicuously round pores (Fig. 3b). In R. nuda, the basal 
spicule tuft is considerably longer (8–30 cm in the examined 
individuals) and often soft and flexible. In many individuals 
it grows, at least partly, in separate strands (Fig. 3c). The 
outer surface consists of a fine network of irregular angular 
meshes underlain by a network of larger meshes (Fig. 3d).
These macroscopic characteristics allowed us to separate 
the seven individuals tentatively identified as A. joubini by 
Fillinger et al. (2013) into two A. joubini and five R. nuda. 
The macroscopic identification was corroborated by the 
Fig. 1  Typical spicule preparations of a Anoxycalyx (Scolymastra) 
joubini (specimen Rn11, PS77) showing many of the species’ unique 
dermal hexactins (one marked with an arrow), and b Rossella nuda 
(specimen Rn16, PS77). Photographs were taken with an Olympus 
DP70 camera installed on a light microscope (ZEISS Axioskop) and 
the software Olympus DP-Soft 3.2
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spicule preparations which clearly separated A. joubini from 
R. nuda (Fig. 1). The A. joubini and R. nuda specimens from 
the collection of Senckenberg Museum showed the same 
macroscopic characteristics of the outer surface as the con-
specifics collected in our trawls, confirming our observa-
tions. The basal spicule tuft could not be examined in these 
specimens, as the basal parts have not been conserved.
Rossella vanhoeﬀeni has a long and flexible basal spicule 
tuft similar to R. nuda. However, in none of the nine speci-
mens examined it formed distinct separate strands as in R. 
nuda, but it appeared denser and more entwined. The outer 
surface consists of a network of irregular angular meshes 
similar to R. nuda, but much denser. Furthermore, R. van-
hoeﬀeni tends to have a markedly thin and sharp osculum 
edge, whereas in R. nuda it is rather blunt.
The basal spicule tuft and outer surface structure were 
characteristic in all examined sponges. The structure of the 
inner surface, however, seems to be more variable. While in 
all examined R. vanhoeﬀeni the inner surface was covered 
by a fine network of meshes, only some R. nuda specimens 
showed a mesh structure on the inside, whereas others had 
a compact inner surface without macroscopically visible 
meshes. In contrast to this, two of the dried A. joubini indi-
viduals of PS82 showed large canal openings on the inside. 
Such large canal openings were not observed in any R. nuda 
or R. vanhoeﬀeni specimens (see Federwisch et al. 2019 for 
photographs of all collected sponges).
The color of all our examined R. nuda specimens was 
gray-white or beige-white (fresh and dried), the A. joubini 
specimens were beige when fresh and orange or light brown 
when dried, and the R. vanhoeﬀeni specimens were diﬀer-
ent shades of brown when fresh and dried. Furthermore, in 
contrast to A. joubini and R. nuda, the freshly collected R. 
vanhoeﬀeni had a particularly soft and squishy texture and 
were easily torn or deformed. In A. joubini, the body wall 
was thicker and more robust with a leathery, incompressible 
texture, while the body wall of R. nuda was intermediately 
thick and soft.
Macroscopic characteristics of Anoxycalyx 
(Scolymastra) joubini, Rossella nuda and Rossella 
vanhoeffeni in situ
Our investigation of high-resolution photo and video mate-
rial showed that the macroscopic characteristics observed 
in trawl-collected specimens can also be observed in situ 
(Fig. 4). The most conspicuous characteristic for diﬀeren-
tiating A. joubini from R. nuda and R. vanhoeﬀeni is the 
Fig. 2  Station map of remotely 
operated vehicle (ROV) 
deployments in the eastern 
Weddell Sea. The inset shows 
the location of the study area in 
the Antarctic. Background: The 
International Bathymetric Chart 
of the Southern Ocean (IBCSO) 
Version 1.0 (Arndt et al. 2013) 
with 500 m contour lines
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basal spicule tuft. As this is very short in A. joubini, it is 
only visible on barren ground and when the sponge is seen 
from the side (Fig. 4a). Rossella nuda and R. vanhoeﬀeni, 
in contrast, usually have long basal spicule tufts which are 
intertwined with the underground (Fig. 4e, i). While in R. 
nuda often, but not always, separate strands of long spicules 
can be seen (Fig. 4f), it is usually one dense mass of spicules 
in R. vanhoeﬀeni (Fig. 4i).
If no basal spicule tuft is visible, A. joubini can be identi-
fied by large openings of the excurrent canals on the inside 
(Fig. 4b), especially in large individuals. Another peculiar-
ity is the distinct fringe of short spicules along the osculum 
rim of most A. joubini (Fig. 4a, b, c), a feature absent in 
the other smooth-walled species. We observed both of these 
characteristics regularly in our in-situ image material. Dif-
ferences in the osculum edge of R. nuda and R. vanhoeﬀeni, 
as described for the dried specimens, are also visible in situ. 
In R. nuda, the osculum edge is often rounded (Fig. 4f, g), 
while in R. vanhoeﬀeni it tapers out to a thin sharp edge 
which is of lighter color than the rest of the body (Fig. 4j, k).
The diﬀerences in surface structure we described for 
the collected specimens are also visible in situ, but only on 
very close inspection (Fig. 4d, h, l). The outer surface of A. 
joubini looks dense and coalesced, has a regular structure 
and round pores (Fig. 4d), whereas in R. nuda it appears like 
a loose network of irregular, more angular meshes (Fig. 4h). 
In R. vanhoeﬀeni, the outer wall appears denser than in R. 
nuda and the network of meshes may be hardly visible. If 
the meshes are visible, they are similarly irregular as in R. 
nuda (Fig. 4l).
According to our observations, the typical body shape 
of A. joubini is pear- or barrel-shaped (Fig. 4a, c) and the 
Fig. 3  Macroscopic diﬀerences between Anoxycalyx (Scolymastra) 
joubini (a, b) and Rossella nuda (c, d) in dried specimens: a Habitus 
with short basal spicule tuft. b Close-up of outside wall with typical 
coalesced structure and round pores. c Habitus with long basal spic-
ule tuft partly growing in separate strands. d Close-up of outside wall 
with loose, irregular mesh structure. Numbers on the folding ruler 
denote centimeters
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color mostly white or beige, but sometimes also yellowish 
to light orange. Rossella vanhoeﬀeni is typically slender and 
amphora-shaped (Fig. 4i, j) and occurs in diﬀerent shades 
of brown. Rossella nuda seems to vary between roundish 
and elongate, but is generally stouter than R. vanhoeﬀeni 
(Fig. 4e, f). Some R. nuda specimens have a trumpet-shaped 
osculum. The color is mostly white or beige, but may also 
be pinkish or light brown.
All three species have generally smooth walls, but of 
different thicknesses. In R. nuda, the wall usually looks 
thicker and the transverse canals towards the outside are 
not shining through as much as in R. vanhoeffeni (Fig. 4). 
Fig. 4  Macroscopic diﬀerences between Anoxycalyx (Scolymastra) joubini (a–d), Rossella nuda (e–h) and Rossella vanhoeﬀeni (i–l) in situ. d, 
h, l are close-up images of the specimens shown in c, g, k, respectively. See text for detailed description
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When individuals of both species were growing next to 
each other, the canals looked larger in R. vanhoeffeni than 
in R. nuda (compare also Fig. 4h, l). The very soft texture 
of R. vanhoeffeni may be visible in ROV-recorded vid-
eos, as the sponge body tends to wobble due to currents 
induced by a close-by ROV. Anoxycalyx (Scolymastra) 
joubini typically has a very thick wall which, especially 
in large specimens, looks robust and somewhat leathery 
or fleshy and may show bumps and wrinkles. A tabulated 
summary comparing the diagnostic features of A. joubini, 
R. nuda and R. vanhoeffeni is provided in Table 2.
Based on these macroscopic characteristics, we could 
clearly distinguish all A. joubini from R. nuda in the stud-
ied ROV photographs and videos. Rossella nuda and R. 
vanhoeffeni could generally be well distinguished, except 
for a few small specimens lacking typical characteristics 
(see "Discussion" section). All smooth-walled budding 
sponges we observed were clearly Rossella (most likely 
R. nuda). They could usually be identified by their long 
basal spicule tuft or a combination of other Rossella char-
acteristics. Many of them had a remarkable pinkish color. 
None of the budding sponges showed any of the typical 
characteristics of A. joubini.
Macroscopic characteristics of Rossella racovitzae, 
Rossella podagrosa and similar species in situ
Rossella racovitzae and R. podagrosa can easily be distin-
guished in in-situ image material based on their external 
morphology (Fig. 5). Rossella racovitzae is typically bar-
rel-shaped and characterized by more or less pronounced 
conules and more or less protruding spicule bundles. The 
overall morphology is highly variable. We documented 
several morphotypes: small to intermediate-sized regular 
conules with some protruding spicules (Fig. 5a), low density 
of very flat conules with protruding spicules (Fig. 5b), low 
density of thin, strongly pointed conules with some protrud-
ing spicules (Fig. 5c), long finger-like conules with protrud-
ing spicules (Fig. 5d), long thick, partly dividing conules, 
(mostly) without protruding spicules (Fig. 5e), and very 
large (sometimes broad and flat) regular conules without 
protruding spicules (Fig. 5f). The form and distribution of 
conules over the body surface may be regular or irregular; 
long conules are sometimes bent (e.g., Fig. 5d). There may 
be gradual transitions between these morphotypes and to the 
typical morphologies of R. villosa and R. levis, both char-
acterized by conules with protruding spicule bundles. We 
regularly observed the diﬀerent morphotypes of R. raco-
vitzae at the same location or even in close vicinity to each 
other. There was no obvious pattern in the local and regional 
distribution of the diﬀerent morphotypes.
Table 2  Macroscopic characteristics of species with smooth outside walls without conules: Anoxycalyx (Scolymastra) joubini, Rossella nuda, 
Rossella vanhoeﬀeni 
A. joubini R. nuda R. vanhoeﬀeni
Basal spicule tuft Short, thin, straight inflexible spic-
ules forming a compact or loose 
mass
Long, flexible, intertwined with 
underground; often in separate 
strands
Long, flexible, intertwined with under-
ground; usually one dense mass
Outer surface Dense and coalesced, with regular 
structure and round pores
Loose network of irregular, angular 
meshes
Network of irregular meshes, appears 
relatively dense; meshes may be 
hardly visible
Osculum edge Often with fringe of short spicules Without spicule fringe; blunt/
rounded edge
Without spicule fringe; thin sharp 
edge with lighter color
Inner surface Often with large openings of excur-
rent canals
Covered by a fine network of 
meshes, or compact without visible 
meshes
Covered by a fine network of meshes
Wall thickness and texture Thick, robust; with leathery/fleshy, 
incompressible texture; may have 
bumps and wrinkles
Intermediately thick and soft Rather thin; with soft, squishy texture; 
easily torn or deformed
Body form Pear-shaped/barrel-shaped Roundish or elongate, rather stout; 
sometimes with trumpet-shaped 
osculum
Slender, amphora-shaped
Color (in situ) Mostly white/beige, sometimes yel-
lowish/light orange
Mostly white/beige, sometimes pink-
ish/light brown
Diﬀerent shades of brown
Further remarks Juveniles have protruding spicules 
over their whole body surface
Regularly observed with several to 
numerous buds
Very large specimens may be rather 
barrel- or pear-shaped and more 
robust
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Rossella podagrosa, in contrast, has a distinct habitus 
which is very diﬀerent from R. racovitzae: the body shape 
is mostly slender and elongate with a small osculum and 
without any conules (Göcke et al. 2015). Its surface is rough 
and covered by a thin spicule veil which collects sediment 
and organic debris and gives the sponge a dirty appearance 
(Fig. 5g–j), distinguishing this species from all others pre-
sented so far. At locations with thick spicule mats, small 
specimens of R. podagrosa were diﬃcult to detect. The most 
striking characteristic of this species is its budding: it usually 
Fig. 5  Macroscopic variability of Rossella racovitzae (a–f) and diﬀerent growth forms of Rossella podagrosa (g–j) in situ. See text for detailed 
description
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occurs in groups of several individuals of diﬀerent size 
(Fig. 5g) which sometimes are attached to each other at the 
base (Fig. 5h). However, we also observed single individuals 
which were markedly larger than the specimens in budding 
groups, but otherwise resembled them closely (Fig. 5i). Ros-
sella podagrosa was most abundant at stations with particu-
larly soft sediment, where it formed extensive aggregations 
(Fig. 5j). It was considerably rarer at stations with hard sub-
strate (gravel, stones, bryozoan cover), where we observed 
only a few of the single specimens, but no budding groups. 
Although the abundance varied between very low and very 
high, it was present in nine of the ten video transects of 
PS82 and thus widely distributed. Detailed descriptions of 
the ROV video transects, including the observed growth 
forms of R. podagrosa, can be found in Online Resource 
1. Rossella racovitzae occurred at the same stations, but it 
was less variable in its abundance and the single specimens 
typically grew some distance apart from each other. We did 
not observe any form of budding in R. racovitzae.
While the macroscopic diﬀerences between R. racovit-
zae and R. podagrosa are obvious, R. racovitzae may be 
confused with R. villosa or R. levis. However, in contrast 
to the high morphological variability of R. racovitzae, the 
morphology of R. villosa seems homogenous: the whole 
body surface is densely covered with straight spicule bun-
dles protruding from tiny conules which may be hardly vis-
ible in small specimens (Fig. 6a–c). The spicule bundles 
may be short or long (Fig. 6b), but the length does not vary 
much within an individual. The sponge body is rounded or 
barrel-shaped with a blunt or rounded osculum rim. Ros-
sella levis, in contrast, has an elongate or conical body shape 
which usually gets narrower towards the osculum and ends 
in a thin osculum rim. The conules with protruding spicule 
bundles are small, but more pronounced than in R. villosa, 
and markedly pointed (Fig. 6d–f). They are regularly dis-
tributed over its surface, but less dense than in R. villosa. 
Moreover, the length of the protruding spicules varies nota-
bly: in the upper part of the body they are short or absent, 
getting longer towards the lower half, and at the base distinct 
bundles of very long, flexible spicules originate from the 
conules. These anchoring spicule bundles are sometimes vis-
ible in situ (Fig. 6d–f). Rossella villosa, in contrast, tends to 
have a fuller basal spicule tuft, which, however, is less well 
visible in situ. Regarding color, R. racovitzae appears most 
variable with shades of white, yellowish, beige and light 
brown, while we observed only white R. villosa and white to 
yellowish R. levis. In diﬃcult cases of diﬀerentiating these 
three species, density and length of the protruding spicule 
bundles seem to be the most helpful characteristics.
Another species with pronounced conules, but the only one 
with an unmistakable appearance is R. fibulata (Fig. 6g–i). 
It is characterized by a dark brown color and big ridge-like, 
laterally flattened (not conical) conules without protruding 
spicules. The conules are most pronounced in the lower part 
of the body where the sponge is usually widest. Towards the 
osculum it gets narrower and the wall gets thinner. The excur-
rent canal openings are visible on the inside of large speci-
mens, similar to large A. joubini.
The only currently established Rossella species that R. 
podagrosa may be confused with when specimens are small 
is R. antarctica. This species also bears a veil of protruding 
spicules and may look dirty (Fig. 6j–l). However, R. ant-
arctica typically has a rounded shape and the spicule veil is 
more pronounced than in R. podagrosa. While large speci-
mens look clearly diﬀerent from each other, the macroscopic 
diﬀerences are less obvious in small individuals (compare 
small R. antarctica on the left in Fig. 6j and R. podagrosa 
in Fig. 5h). According to our observations, R. antarctica 
usually occurs as single individuals standing by themselves 
and there is no budding in this species. A tabulated summary 
comparing the diagnostic features of the described species 
is provided in Tables 3 and 4.
Discussion
Our investigation of macroscopic diﬀerences between sim-
ilar rossellid sponge species shows that each species has 
unique characteristics by which it can be identified in situ 
and without expert taxonomic knowledge. In contrast to 
previous studies which just mention some characteristics of 
selected species (e.g., Göcke and Janussen 2013; Dayton 
et al. 2016), we provide the first comprehensive overview 
of macroscopic characteristics of all rossellid species com-
mon to the Antarctic shelf based on a large number of in-
situ photographs and videos (Federwisch et al. 2019). The 
described characteristics are conspicuous and occur not just 
locally, but in various locations studied during three diﬀerent 
expeditions from 2011 to 2016.
Sponges exhibiting diﬀerent macroscopic characteristics 
were often growing in close vicinity or even right next to 
each other (Fig. 7). In these cases, the diﬀerences between 
similar species, e.g., R. nuda and R. vanhoeﬀeni (Fig. 7a, b) 
or R. villosa and R. levis (Fig. 7c), were especially apparent. 
Even larger mixed groups of several species, each showing 
their specific macroscopic characteristics, occurred regularly 
(Fig. 7d). Therefore, we are confident that these character-
istics are species-specific and not just local ecotypes or ran-
dom variations, supporting the view of Göcke and Janussen 
(2013) on this subject.
Macroscopic characteristics and variability 
of Anoxycalyx (Scolymastra) joubini, Rossella nuda 
and Rossella vanhoeffeni
The macroscopic differences we describe between A. 
joubini, R. nuda and R. vanhoeﬀeni were first discovered in 
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dried specimens identified by spicule analysis. Thus, we are 
sure that they are species-specific and a clear means to dis-
tinguish these species. Surprisingly, some of these conspicu-
ous diﬀerences either seem to have evaded sponge research-
ers until now or their value for species identification was 
not recognized (e.g., Teixidó et al. 2006), as they were not 
consistently reported nor discussed in taxonomic literature 
so far. Once noticed, the diﬀerences are obvious and espe-
cially the basal spicule tuft is helpful for distinguishing A. 
joubini from Rossella in image material.
Corresponding to our observations, both Barthel and 
Tendal (1994) and Teixidó et al. (2006) report a “short, but 
Fig. 6  Macroscopic characteristics of Rossella villosa (a–c), Rossella levis (d–f), Rossella fibulata (g–i) and Rossella antarctica (j–l) in situ. See 
text for detailed description
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massive” or “broad” basal spicule tuft for A. joubini. Pre-
vious descriptions of the basal spicule tuft of R. nuda are 
less informative, saying either that it is “weakly developed” 
(Teixidó et al. 2006) or “varies in size” (Barthel and Tendal 
1994). The original description by Topsent (1901) is based 
on one individual with slender, root-like prolongations of the 
body instead of a spicule tuft. For R. vanhoeﬀeni, Teixidó 
et al. (2006) do not mention the spicule tuft at all, but Bar-
thel and Tendal (1994) show two specimens with “entwined, 
very massive spicule tufts” matching the species description 
by Schulze and Kirkpatrick (1910) and our observations.
It is important to note that while A. joubini is a lophophy-
tose species, i.e., it always has a basal spicule tuft, Rossella 
species can be lophophytose or basiphytose, i.e., directly 
attached to hard substrate without a spicule tuft (Tabach-
nick 2002). We have observed a few R. nuda with the body 
directly attached to stones and partly overgrowing them, thus 
lacking a basal spicule tuft, but according to our image mate-
rial this seems to be a rare phenomenon. Therefore, if no 
spicule tuft is visible, one has to refer to other typical char-
acteristics that diﬀerentiate A. joubini from Rossella, e.g., 
the fringe of spicules along the osculum rim, which is also 
reported in the original description by Topsent (1916) and 
confirmed by Barthel and Tendal (1994), or the large canal 
openings on the excurrent side. The latter are not specifi-
cally mentioned in previous publications, but they have been 
documented in photographs of A. joubini in the Ross Sea 
(Brueggeman 2019) corroborating our observations. How-
ever, while both characteristics can be observed regularly, 
they are not present in all individuals.
If none of the above-mentioned prominent characteris-
tics are visible, distinguishing A. joubini from R. nuda is 
more diﬃcult, but still possible on the basis of body form, 
surface and size. Anoxycalyx (Scolymastra) joubini is the 
largest sponge species in the Antarctic (Dayton et al. 2016) 
growing up to 2 m in height. Rossella nuda and R. vanhoef-
feni are considerably smaller with up to 75 cm and 30 cm, 
respectively (Barthel and Tendal 1994). The relative sizes 
we observed for these species match previous reports. In the 
eastern Weddell Sea, A. joubini seems to be less common 
than R. nuda (A. joubini was present in five and R. nuda in 
eight of the ten ROV video transects of PS82).
Rossella vanhoeﬀeni was considered a valid species by 
Barthel and Tendal (1994) and was identified by Teix-
idó et al. (2006) in their image material. However, Göcke 
and Janussen (2013) suggested that it might be a variety 
of R. racovitzae based on spicule morphology and size. 
The sponges we describe as R. vanhoeﬀeni have a distinct 
outer morphology and are common in the eastern Weddell 
Sea. Our characterization corresponds with the original 
species description and illustration by Schulze and Kirk-
patrick (1910). Besides a “well-developed root-tuft” of 
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similar to our collected specimens, they also describe an 
amphora-like shape and a sharp osculum edge. The outer 
surface of their specimen consists of a fine network of 
irregular, tri- or quadrangular meshes of 1 mm width with 
round canal openings of 1–3 mm width beneath. These 
larger meshes are covered by a finer network with mesh 
diameters of 0.15–0.2 mm. This finer network was vis-
ible in our dried specimens, but apparently too delicate to 
be seen in the in-situ image material. Schulze and Kirk-
patrick (1910) further report that the canal openings are 
very small in the upper part of the sponge and not visible 
near the osculum, where the body wall is opaque and not 
porous, which matches our observations of R. vanhoeﬀeni 
specimens examined in situ with close-up video. Over-
all, we are confident that this species is well justified and 
the common sponges of usually brown color truly are R. 
vanhoeﬀeni.
Besides the many typical representatives of R. vanhoef-
feni, we observed some large smooth-walled brown speci-
mens at several locations which did not show the marked 
features characterizing this species. They were rather bar-
rel- or pear-shaped and appeared more robust, similar to A. 
joubini, but they lacked any of the typical characteristics of 
A. joubini. We assume that the atypical appearance is due to 
the larger size (and possibly higher age) of these specimens 
and assigned them to R. vanhoeﬀeni as this seemed most 
fitting. However, we cannot rule out the possibility that they 
belong to another, potentially undescribed, species.
Corresponding to our observations of R. nuda, Topsent 
(1901) describes the surface of this species as smooth, but 
slightly uneven and rough, with many “rounded pores” of 
0.5–1.5 mm size and 0.5–1 mm distance to each other, cov-
ered by a thin, transparent “ectosome” which is perforated 
by “microscopic stomions”. The “ectosome” is the dermal 
membrane; the “microscopic stomions” correspond to the 
meshes in the dermal membrane and the “rounded pores” 
refer to the canal openings. This supports our assumption 
derived from in-situ observations that the canal openings 
are smaller in R. nuda (0.5–1.5 mm) than in R. vanhoeﬀeni 
(1–3 mm). It further corroborates our macroscopic diﬀeren-
tiation between both species and can serve as another valu-
able characteristic. Unfortunately, the surface and pores of A. 
joubini are not mentioned in the original species description 
(Topsent 1916).
In a few cases of small and light-brown smooth Rossella, 
we could not confidently identify them as R. vanhoeﬀeni 
or R. nuda, as small specimens may not show clear char-
acteristics of either species. Many Antarctic hexactinel-
lids change their external morphology during growth from 
juveniles to adults and distinctive macroscopic features are 
only developed with increasing size and age (Göcke and 
Janussen 2013). Usually, however, R. vanhoeﬀeni and R. 
nuda have clearly diﬀerent and distinct appearances and can 
reliably be distinguished by a combination of color, body 
shape, wall thickness and sharpness of the osculum edge. 
Although these features are variable and none of them alone 
is a reliable basis for species identification, we are sure that 
the sponges we describe as R. vanhoeﬀeni and R. nuda are 
clearly diﬀerent species. This is underpinned by the distinct 
morphotypes growing next to each other (Fig. 7a, b, d), 
sometimes with diﬀerently developed basal spicule tufts on 
the same ground and strong budding in R. nuda, but not in 
R. vanhoeﬀeni.
Changes in macroscopic characteristics during growth 
may also hamper the identification of young A. joubini. The 
species is commonly considered to have smooth walls with-
out protruding spicules, except for the short ones along the 
osculum rim in some individuals. However, young A. joubini 
do show protruding spicules over the whole body surface 
which are apparently lost during growth (P. Dayton, pers. 
comm.). We did not identify any young A. joubini in our 
image material and we cannot say with certainty whether 
none were present or whether we misidentified them as 
young R. racovitzae or R. villosa. According to our observa-
tions, R. nuda and R. vanhoeﬀeni already seem to be smooth-
walled as juveniles.
The smooth-walled species are further characterized by 
diﬀerent tissue textures which can be helpful for divers or 
for macroscopic identification of collected specimens. Our 
observations of the texture of A. joubini (thick, robust, 
almost incompressible), R. nuda (thinner, softer) and R. van-
hoeﬀeni (very soft and squishy, wobbly) correspond with 
the descriptions by Barthel and Tendal (1994) and Teixidó 
et al. (2006).
Table 4  Macroscopic characteristics of species with a veil of protruding spicules, often dirty-looking, without conules: Rossella podagrosa, Ros-
sella antarctica 
R. podagrosa R. antarctica
Growth form Typically in budding groups or large aggregations of individuals of dif-
ferent sizes; sometimes partly hidden in spicule mat
Single individuals standing by themselves; no budding
Body form Mostly slender and elongate, slightly narrower towards the small oscu-
lum
Typically rounded
Outer surface Rough, covered by a thin spicule veil, collecting sediment and organic 
debris
With pronounced spicule veil, collecting sediment and 
organic debris
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Macroscopic characteristics and variability 
of Rossella racovitzae, Rossella podagrosa 
and similar species
To distinguish the species R. racovitzae, R. podagrosa, R. 
villosa, R. levis, R. fibulata and R. antarctica on our image 
material, we used macroscopic features described previously 
(Table 1). In contrast to previous descriptions based on lim-
ited trawl-collected material, we highlight the macroscopic 
diﬀerences we observed regularly in situ and found useful 
to identify the species.
Rossella racovitzae has been reported as highly variable 
regarding its macroscopic characteristics (Barthel and Ten-
dal 1994; Teixidó et al. 2006; Göcke and Janussen 2013). 
Göcke and Janussen (2013) have even ruled out the possi-
bility to identify the species based on macroscopic features 
alone. On the other hand, they have characterized it as bar-
rel-shaped and bearing conules, same as Teixidó et al. (2006) 
and Dayton et al. (2016). The description of the conules, 
however, diﬀer: they are commonly pointed, but can also 
be small and indistinct in small specimens or faintly devel-
oped in large specimens without protruding spicules apart 
from the root tuft (Göcke and Janussen 2013), or clearly 
developed (Göcke et al. 2015), or relatively short (Dayton 
et al. 2016), or they may bear long protruding spicule bun-
dles (Teixidó et al. 2006). The original species description 
is based on tiny individuals and fragments with flat conical 
elevations and protruding spicules (Topsent 1901).
Our current understanding of R. racovitzae comprises all 
of these descriptions and reflects the reported morphological 
variability (Fig. 5a–f). This variability partly results from 
many synonymizations, but may also be due to potential 
cryptic species currently included under this name (Göcke 
and Janussen 2013) which may represent diﬀerent morpho-
types. This means that with the current state of knowledge, 
we cannot rule out the possibility that some of the morpho-
types denominated as R. racovitzae may actually be diﬀerent 
species, e.g., the morphotype shown in Fig. 5f which cor-
responds to the sponges called “smooth volcano” by Dayton 
et al. (2016). A recent molecular survey of common Rossella 
species found R. racovitzae to show up in several diﬀerent 
clades within the genus, indicating this species to be a poly-
phyletic species complex (Vargas et al. 2017). Moreover, 
Barthel and Tendal (1994) based their species descriptions 
only on material from the Weddell Sea and may have syn-
onymized species which they simply did not find in their 
collections, but which occur elsewhere, like R. podagrosa 
(Göcke et al. 2015).
The morphological diﬀerences between R. racovitzae and 
R. podagrosa are so distinct that we could easily distinguish 
them in our analyzed photographs and videos. The habitus 
of our described R. podagrosa corresponds with the images 
presented by Kirkpatrick (1907) and Göcke et al. (2015) of 
specimens from the Ross Sea. We provide the first direct 
record of R. podagrosa in the Weddell Sea, confirming the 
habitus and growth form observed in the Ross Sea (Göcke 
et al. 2015). However, it is also possible to identify R. podag-
rosa in older image material with lower quality. The problem 
in this case is that due to the former synonymization, older 
records of R. racovitzae often include R. podagrosa. In the 
Fig. 7  Diﬀerent species growing in close vicinity to each other. Note 
the distinct morphological characteristics: a, b Rossella vanhoeﬀeni 
(Rvan) and Rossella nuda (Rnud) c Rossella levis (Rlev) and Rossella 
villosa (Rvil) d Anoxycalyx (Scolymastra) joubini (Ajou), Rossella 
racovitzae (Rrac), Rossella nuda (Rnud), Rossella vanhoeﬀeni (Rvan) 
and Rossella villosa (Rvil)
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Ross Sea, Dayton et al. (1974) and Dayton (1979) reported 
high abundances and biomass, as well as strong growth and 
reproduction for small budding specimens of R. racovit-
zae, which were retrospectively identified as R. podagrosa 
(Göcke et al. 2015). Also several studies from the Weddell 
Sea mention a “R. racovitzae budding type” (e.g., Barthel 
1992; Barthel and Gutt 1992; Gutt and Koltun 1995; Teixidó 
et al. 2006). The descriptions and images of these sponges 
clearly correspond to the re-description of R. podagrosa by 
Göcke et al. (2015) and to our observations of this species. 
The same budding sponges were falsely referred to as R. 
racovitzae by Maldonado et al. (2016). Therefore, we want 
to emphasize that older records of R. racovitzae should be 
treated with caution.
Our own observations together with the records of the 
“R. racovitzae budding type” show that R. podagrosa is a 
common species in the eastern Weddell Sea. Contrary to 
the speculation of Göcke et al. (2015), its main occurrence 
range is not limited to the Ross Sea. We found it to be most 
abundant in areas with soft sediment, corresponding to the 
observations of Barthel (1992), where it formed large aggre-
gations similar to the ones in the Ross Sea (Dayton et al. 
1974, 2016; Dayton 1979). In such areas, other hexactinellid 
species may be disadvantaged due to lacking possibilities of 
attachment.
Although R. podagrosa usually forms buds and grows 
in groups of individuals attached to each other, as also 
described by Kirkpatrick (1907) and Göcke et al. (2015), 
we observed several single specimens without buds at sta-
tions with hard substrate. They seem to grow larger than the 
budding ones, but otherwise look very similar. Such single 
individuals have not been reported by other studies. We can-
not rule out the possibility that these specimens represent 
another undescribed species of Rossella or possibly Rhab-
docalyptus sp. or a related species. However, considering the 
currently well-established species of Rossella, they show the 
closest resemblance to R. podagrosa.
Distinguishing R. racovitzae from R. villosa and R. levis 
may be more challenging. We have described the typi-
cal characteristics of each species, but transitional forms 
between them and the lack of defined morphological bound-
aries of the variable R. racovitzae may hamper a clear iden-
tification. Nevertheless, the typical habitus of R. villosa is 
unique, as no other species shows such a dense cover of pro-
truding stout spicule bundles. Our macroscopic description 
of the species is in full accordance with the original descrip-
tion by Burton (1929) and the most recent one by Barthel 
and Tendal (1994). Interestingly, Burton (1929) described 
the species based on its “distinctive external appearance”, 
although he did not find notable diﬀerences in the spicules 
between R. villosa and R. nuda. Koltun (1976) synonymized 
it with R. racovitzae, but Barthel and Tendal (1994) re-estab-
lished it and added information about the spicules. Despite 
the uncertain validity of R. villosa as a species, sponges of 
this distinct habitus are common in the eastern and western 
Weddell Sea (this study and Fillinger et al. 2013, respec-
tively) and occur next to R. racovitzae and R. levis.
Rossella levis may be the most diﬃcult species to iden-
tify in situ, as the characteristic long and separate spicule 
bundles which anchor the sponge to the substrate may not 
always be visible. However, our description of this species 
corresponds to previous descriptions and illustrations (Kirk-
patrick 1907; Barthel and Tendal 1994; Göcke and Janussen 
2013). The diﬀerences in shape and color which we noted 
between R. villosa and R. levis (Fig. 7c) are supported by 
earlier descriptions, as well: The particularly round shape of 
R. villosa is mentioned by Burton (1929) and Barthel and 
Tendal (1994), while Dayton et al. (2016) describe R. levis 
as tapering in at the top. Furthermore, the pale yellow color 
of R. levis which is most obvious when seen next to other 
sponges has been reported before (Kirkpatrick 1907; Barthel 
and Tendal 1994).
Interestingly, one large specimen of R. levis is described 
by Kirkpatrick (1907) with conules forming “large, thick, 
thumb-like projections” and Dayton et al. (2016) report 
conules of 10–15 cm on larger individuals. We have not 
observed such large conules in R. levis, but we also did 
not observe particularly large individuals of this species. 
However, several large specimens which we identified as R. 
racovitzae showed markedly long, finger-like conules and 
were of pale yellow color (Fig. 5e). As they did not show 
any other characteristics of R. levis (no protruding spicules, 
no anchoring spicule tufts), we considered them as one of 
the many morphotypes of R. racovitzae. This illustrates the 
necessity of a thorough taxonomic re-evaluation and better 
delimitation of R. racovitzae, R. levis and R. villosa.
One example of a good and useful species re-evaluation 
is R. fibulata. The original description by Schulze and Kirk-
patrick (1910) was based only on tiny fragments and did not 
include any information about the species’ habitus. Barthel 
and Tendal (1994) included macroscopic characteristics in 
their description which we observed as well. The species 
does not seem to vary much; it looks the same in the Ross 
Sea (Dayton et al. 2016; Brueggeman 2019) and is always 
easy to identify.
Another easily identifiable species without much mac-
roscopic variation is R. antarctica. The characteristics 
we describe match the early descriptions and illustrations 
(Carter 1872; Kirkpatrick 1907; Schulze and Kirkpatrick 
1910) as well as recent ones (Göcke and Janussen 2013; 
Dayton et al. 2016). Interestingly, R. antarctica is the spe-
cies best defined so far by molecular investigations (Vargas 
et al. 2017). Only small specimens of this species may be 
confused with small R. podagrosa, as Dayton et al. (2016) 
suspected. However, this is a general problem, as several 
Rossella species may look similar as juveniles, e.g., R. 
106 Polar Biology (2020) 43:91–110
1 3
racovitzae, R. levis and R. fibulata (Göcke and Janussen 
2013). An exact macroscopic species identification of juve-
nile Antarctic rossellids is thus hardly possible.
Causes of morphological variability
Besides macroscopic changes during growth from juveniles 
to adults, as discussed above, morphological variability, e.g., 
abnormal body shapes, may be due to asexual reproduction, 
which has been observed in several rossellid species, or lar-
vae settling and growing on larger sponges. Teixidó et al. 
(2006) reported budding in 35% of specimens of the “R. 
nuda type” in the eastern Weddell Sea. However, as their “R. 
nuda type” included an unknown proportion of A. joubini, 
they could not tell whether the budding pertains to either or 
both of the species. The smooth budding sponges we could 
clearly identify in our image material were all Rossella, i.e., 
we did not find any budding specimens of A. joubini. As 
budding has also not been reported elsewhere for A. joubini, 
despite studies lasting several decades (Dayton et al. 2013, 
2016), we take this as a strong indication that A. joubini 
does not propagate by budding. Therefore, we suggest that 
the budding sponges investigated by Teixidó et al. (2006) 
were most likely R. nuda and not A. joubini. The budding 
Rossella still show the typical characteristics of the genus, 
despite variations in color and the number of buds. In light-
brown or pink specimens with particularly strong budding, 
the assignment to R. nuda or R. vanhoeﬀeni may be dif-
ficult. However, we often observed normal non-budding R. 
vanhoeﬀeni (brown) next to budding R. nuda (white, beige 
or pink; Fig. 7b, d).
Other changes in body shape reported as reproductive 
strategies include division and bipartition in R. nuda (e.g., 
Fig. 4g) and R. vanhoeﬀeni, bipartition and strangulation 
in R. racovitzae, and fragmentation in an unidentified hex-
actinellid (Teixidó et al. 2006). However, asexual repro-
duction seems to be rather rare in R. vanhoeﬀeni and R. 
racovitzae according to our observations and Teixidó et al. 
(2006). The budding attributed to R. racovitzae (e.g., Day-
ton 1979; Barthel and Gutt 1992; Barthel and Tendal 1994) 
does in fact refer to the species R. podagrosa, as discussed 
above. Thus, there are two species with extensive budding, 
R. podagrosa and R. nuda, which are clearly diﬀerent in 
their macroscopic appearance.
It is not yet understood how environmental conditions, 
like currents or food availability, may aﬀect macroscopic 
characteristics of Antarctic rossellid sponges. Adaptations of 
the sponge body to current strength and wave exposure have 
been reported for demosponges which develop a stiﬀer, more 
robust body morph in habitats with strong currents or waves 
(e.g., Palumbi 1986; McDonald et al. 2002). The strength 
of prevailing currents may possibly also aﬀect the consist-
ency of the body wall of Antarctic rossellids. Furthermore, 
environmental factors have been suggested to cause sea-
sonal variations in surface structure and texture, as well as 
in spicule characteristics of a temperate demosponge species 
(Schönberg and Barthel 1998 and references therein).
Maldonado et al. (1999) showed that the spicule inven-
tory in a Mediterranean demosponge may change tremen-
dously with changing concentrations of silicic acid, the basis 
for spicule formation in many sponges and especially hex-
actinellids. Environmental eﬀects on the spicule inventory 
have since been suggested by further studies (e.g., Cárdenas 
et al. 2011 and references therein). It cannot be ruled out 
that also in hexactinellids, spicule characteristics may not 
provide a conservative basis for species identification as 
commonly assumed. Göcke and Janussen (2013) observed 
unusually large spicule sizes in several Rossella species 
at one location in the eastern Weddell Sea and suggested 
locally high silicic acid concentrations as cause. Interest-
ingly, despite the large spicule sizes, the body sizes of these 
sponges were normal or rather small. Thus, regional diﬀer-
ences in silicic acid concentration, which varies between 100 
and 160 µM in Antarctic bottom waters (Tréguer et al. 1995), 
may cause some variability in the spicules of wide-spread 
species. This poses another challenge for taxonomic spe-
cies identification and delimitation of closely related species. 
Therefore, the zoogeographic occurrence and environmental 
distinctions should be considered in species descriptions.
Temporal morphological variability has been observed 
in specimens of Caribbean giant barrel sponges, Xesto-
spongia muta, which may change their surface from smooth 
to bumpy over the course of some years (J. Pawlik, pers. 
comm.). The reasons for this change are unknown, but it 
suggests the possibility that Antarctic rossellids might like-
wise be able to change the number and form of their conules 
over time. This would explain the high macroscopic variabil-
ity in some species, especially R. racovitzae, and observa-
tions of specimens which do not fit the typical morphologies 
of the described species.
Relevance and applicability of the described 
characteristics
Several of the sponge species we discuss are known to have 
a circum-Antarctic distribution (Barthel and Tendal 1994; 
Janussen and Downey 2014). Furthermore, many char-
acteristics we report for sponges in the Weddell Sea cor-
respond to reports from the Ross Sea (e.g., Dayton et al. 
2016). Thus, our macroscopic approach to the identification 
of these species can be applied throughout the entire South-
ern Ocean. This approach is especially relevant and timely, 
as the use of non-invasive imaging technology in marine 
research has increased over the last decades (Mallet and 
Pelletier 2014) and technologies as well as methodologies 
continue to develop rapidly (Durden et al. 2016; Schoening 
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et al. 2017). In the Antarctic, in particular, they are already 
widely applied in benthic studies in the Weddell Sea (e.g., 
Fillinger et al. 2013; Segelken-Voigt et al. 2016; Ambroso 
et al. 2017), the East Antarctic shelf (e.g., Smith et al. 2015; 
Post et al. 2017), the Ross Sea (e.g., Clark and Bowden 
2015), the West Antarctic (e.g., Eastman et al. 2013) and in 
large-scale comparative studies (e.g., Santagata et al. 2018).
The detectability of macroscopic characteristics depends 
on the quality of the image material. They may not be vis-
ible, if the resolution is low, the images are too dark, the 
distance from the camera is too high or the viewing angle 
is unfortunate. However, with modern technology and care-
ful collection of image material, these problems should be 
avoidable. Even if only some of the described characteristics 
can be observed, they are still helpful indicators for in-situ 
identification.
The general body shape and the presence, form and size 
of conules and protruding spicules or a spicule veil allow a 
first rough classification or, in case of species with a unique 
habitus like R. fibulata, R. antarctica or R. podagrosa, even 
a confident identification. Distinguishing macroscopically 
similar species requires more attention to detail. The basal 
spicule tuft is usually an obvious feature and may be visible 
in situ even at lower image quality. It is not only character-
istic in R. nuda and A. joubini, but also in R. vanhoeﬀeni 
(Schulze and Kirkpatrick 1910; Barthel and Tendal 1994) 
and R. levis (Barthel and Tendal 1994; Göcke and Janussen 
2013). The structure of the outer surface, however, can only 
be seen in situ with very high resolution and from a very 
close distance or when zooming in (Fig. 4). It can usually 
be well examined in trawl-collected specimens and can thus 
be used to quickly sort individuals of R. nuda and A. joubini 
from trawls.
As sponges in general show high morphological plasticity 
(Gaino et al. 1995), examples of which have been discussed 
above, macroscopic characteristics should not be viewed 
as absolute criteria and species identification should not be 
based on any single characteristic alone. For confident in-
situ or image-based species identification, we recommend 
using a combination of as many characteristics as possible.
Implications for future research
The complicated taxonomic history of the genus Rossella 
necessitates a thorough revision of all species, including the 
type material (Tabachnick 2002). Due to previous synonymi-
zations and revisions as in the case of R. podagrosa and 
R. racovitzae (Göcke et al. 2015), or uncertain identifica-
tions as in the case of R. nuda and A. joubini (Teixidó et al. 
2006), older publications should be consulted cautiously 
and given species names treated with care. So far, only one 
systematic molecular study has been done on five species of 
Rossella to elucidate their taxonomic relation (Vargas et al. 
2017). However, on the basis of the genetic markers used, 
Vargas et al. (2017) could only diﬀerentiate one species (R. 
antarctica) from the rest, which they thus called a species 
flock. They further suggested that this scenario might reflect 
ongoing speciation processes within the genus. Therefore, a 
major task for future research on Antarctic rossellid sponges 
is to reconcile traditional taxonomy based on spicules (e.g., 
Barthel and Tendal 1994) with molecular taxonomy (e.g., 
Vargas et al. 2017) as well as in-situ approaches relying on 
external morphology (this study).
The ideal solution would be an integrated approach to 
sponge species identification encompassing (i) in-situ 
recordings by ROV or divers, (ii) collection of the recorded 
specimens, (iii) documentation of all macroscopic charac-
teristics immediately after collection, (iv) microscopic study 
of the spicules, and (v) molecular genetic studies, all on the 
basis of the same individuals. Especially revisions of poorly 
described species, e.g., R. racovitzae and R. villosa, should 
combine the diﬀerent approaches. Furthermore, several indi-
viduals of diﬀerent size and age (juveniles as well as adults) 
should be included in species descriptions. The methods for 
sponge collection should be chosen carefully so that sponges 
are collected in a good state instead of being torn and loaded 
with sediment or contaminated with spicules of other species 
during collection. The better the state of collected sponges, 
the more use can be made of the material and the easier it is 
to relate to in-situ images.
In cases where precise in-situ species identification is 
diﬃcult, we suggest not to lump sponges together, but to 
distinguish them based on repeatedly observed macroscopic 
characteristics. If distinct morphotypes are well described, 
they may be named properly in the future when we have 
acquired more knowledge about Rossella taxonomy. Fur-
thermore, also in morphologically variable species like R. 
racovitzae it may be worthwhile to distinguish the diﬀerent 
morphotypes, as they may be related to factors we do not yet 
understand (e.g., environmental conditions, age, nutritional 
or reproductive stage).
Conclusion
We show that the common rossellid sponge species of the 
Antarctic shelf have unique macroscopic characteristics by 
which they can be identified in situ without expert taxo-
nomic knowledge. The smooth-walled species A. joubini, R. 
nuda and R. vanhoeﬀeni, previously often mixed up, can be 
reliably distinguished from each other by the form of their 
basal spicule tuft, their surface structure and their overall 
body form. The previously synonymized species R. racovit-
zae and R. podagrosa can easily be distinguished by their 
markedly diﬀerent habitus. Based on our results, the oft-
mentioned ‘R. racovitzae budding type’ in older publications 
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does in fact refer to R. podagrosa and this species is common 
not only in the Ross Sea, but also in the Weddell Sea.
We conclude that macroscopic characteristics are helpful 
means in distinguishing Antarctic rossellid sponge species. 
It is important in their identification and description to con-
sider not only the spicules and molecular data, but the outer 
morphology, as well. In addition to the first comprehensive 
overview of macroscopic characteristics given here, a large 
number of in-situ and ex-situ images are available as ref-
erence through the data publisher PANGAEA (Federwisch 
et al. 2019).
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